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ESTIMATING THE NUMBER OF CONTENT
ITEMS TO FILL AN ONLINE SPACE
BEFORE DISTRIBUTING THE CONTENT
ITEMS TO THE ONLINE SPACE

BACKGROUND

In a networked environment such as the Internet, entities
such as companies can provide information for display on
web pages. The web pages can include text, video, or audio
information provided by the entities via a web page server.
Additional or alternative content items such as advertise-
ments may be provided by third parties (such as advertisers)
for display on the web pages together with the main content.
Thus, a user viewing a web page can access the information
that is the subject of the web page, as well as third party
advertisements that may or may not be related to the subject
matter of the web page.

SUMMARY

At least one aspect is directed toward a method of
distributing content items to a web page. A request for
content items may include information specifying a dimen-
sional size of a space in which the content items will be
rendered. The number of content items for rendering in the
space may be estimated based on measurement results of
rendering content items on a multiple user devices having a
multiple configurations. A set of content items, greater than
the estimate, may be provided in response to the request.
Data indicative of the number of content items that were
actually rendered in the space may be received. The number
of rendered content items may be less than or equal to the
number of provided content items and may be selected via
an online auction.

In another aspect, a method may include sending a request
for a web page that has a space in which content items may
be rendered. The space may include a dimensional size. A set
of content items may be received. A number of content items
from the set may be selected based, at least in part, on the
dimensional size of the space of the web page that the
content items will be rendered in. The number of selected
content items may be less than or equal to the number of
content items in the set. Data indicative of the number of
content items selected may be sent.

In still another aspect, a computer-readable storage device
storing instructions that when executed by one or more data
processors, cause the one or more data processors to perform
operations for receiving a request for content items, the
request including information specifying a dimensional size
of a space in which the content items will be rendered,
providing a set of content items for the space, and receiving
data indicating the number of content items from the set that
were actually rendered in the space. The number of rendered
content items may be less than the number of provided
content items.

These and other aspects and implementations are dis-
cussed in detail below. The foregoing information and the
following detailed description include illustrative examples
of various aspects and implementations, and provide an
overview or framework for understanding the nature and
character of the claimed aspects and implementations. The
drawings provide illustration and a further understanding of
the various aspects and implementations, and are incorpo-
rated in and constitute a part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

The details of one or more implementations of the subject
matter described in this specification are set forth in the

10

15

20

30

35

40

45

55

60

65

2

accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will
become apparent from the description, the drawings, and the
claims.

FIG. 1 is an illustration of an example system for distrib-
uting content to a web page via a computer network,
according to some implementations;

FIG. 2 is a block diagram illustrating an example system
configured to over request content items, according to some
implementations;

FIG. 3 is a flowchart illustrating an example method of
distributing content items to a web page via a computer
network, according to some implementations;

FIG. 4 shows an illustration of an example network
environment comprising client machines in communication
with remote machines in accordance with some implemen-
tations; and

FIG. 5 is a block diagram illustrating an example archi-
tecture for a computer system that may be employed to
implement various elements of the systems and methods in
accordance with some implementations.

DETAILED DESCRIPTION

Systems and methods described herein are directed to
distributing online content items to web page spaces (e.g.,
slots).

In an advertising environment, a content item slot may be
an area of a web page or application that has been made
available for displaying content items. Different content
item slots may represent different sections of a web page or
application, or different placements for content within a
single web page or application. A content item slot can
display a plurality of types of content, including, e.g., an
advertisement, video, images, and text.

Knowledge of the size of a content item (e.g., ad) may be
needed for determining how many content items to request
to fill a space of a specified size (e.g., slot) on a web page.
The exact space needed may depend on the precise textual
content in a given content item, and may depend on the
platform on which the content item is being displayed or
viewed (e.g., different web browser versions may have
different rendering logics), the fonts being used, user device
screen resolution, the layout of the various components of
the ad, etc. Knowing the space needed for content items may
help optimize monetization of limited space on web pages
without truncating the ads or may help optimize the appear-
ance of the content items (e.g., a content item can be
displayed with a larger font size) to users.

As used herein, a “user” or a “user identifier” may refer
to an identifier of an individual user, a user device, a user
browser, etc., and does not necessarily refer to the actual
individual user. Users may opt out of data collection, and
users may opt in to provide additional demographic data for
improved online experience. The identifiers associated with
user data may be anonymized and not connected to user
names or actual identities, or other sensitive information.
Similarly, user browsers and devices may not be connected
to actual identifies of the users.

In an advertising environment, it may be needed to
estimate, a priori, how many ads will fit in a given rectangle
of publisher-allocated space. In many cases, the actually-
returned ads are considerably smaller than the estimated
sizes. Some of the described implementations may request
more ads than initially specified or estimated.

The described implementations may thus over-request or
over-allocate ads to a given request. These ads may initially
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be marked as “unviewed impressions” until the publisher
reports exactly how many ads were successfully displayed,
and the successfully-displayed ads may be labeled as
“viewed impressions.” This distinction of unviewed versus
viewed impressions may be useful to track how effective a
given ad may be, e.g., to assess their click-through rate
(CTR). As such, ads that are ultimately not viewed may not
have their CTR penalized as a result.

The rendering of the ads may be improved according to
some of the described implementations. For example, for
some given parameters for selecting relevant content items,
the parameters may be requested to be adjusted according to
the predicted CTR (pCTR) based on some of the described
implementations.

In some implementations, instead of over-allocating ads
in a single request, an ad provider could instead decide to
daisy-chain (or pipeline) ad requests to be sent if the
previous response did not fill-to-capacity the allocated ad
area.

Advantageously, at least some of the described imple-
mentations allow an ad network to maximize the number of
potential ad impressions for a given area of space, particu-
larly where returned ads are smaller than expected.

The described implementations can be applied not only to
advertising, but may be applied to search results or any other
content rendering systems. For example, parameters of a
browser can be gathered, and fonts can be measured, and
these factors can be taken into account in rendering digital
books, displaying search results page (e.g., how many lines
are shown on one page; how to fold search result pages,
etc.). The methods may be particularly useful for devices
with limited display spaces, such as mobile phones, and
tablet computers.

FIG. 1 illustrates an example system 100 for serving
content items to a web page via a network 105 according to
some implementations of the present disclosure. The net-
work 105 can include computer networks such as the
Internet, local, metro, or wide area networks (WAN), intra-
nets, and other communication networks such as mobile
telephone networks. The network 105 can be used to access
web pages that can be displayed on at least one user device
110, such as a laptop, desktop, tablet, personal digital
assistants, smart phones, smart TVs, or portable computers.
For example, via the network 105 a user device 110 can
access web pages provided by the web page operator 115. In
this example, a web browser of the user device 110 can
access a web server of the web page operator 115 to retrieve
a web page for display on a monitor of the user device 110.
The web page operator 115 may include an entity that can
operate a web page as well as the web page server that can
communicate with the network 105 to make the web page
available to the user device 110.

The system 100 may include at least one data processing
system 120. The data processing system 120 can include at
least one processing module or logic device to communicate
via the network 105 with at least one content provider 125
and at least one web page operator 115. The data processing
system 120 can optionally include at least one content item
slot identification module 130, at least one measurement
module 135, and at least one database 140. In some imple-
mentations, the data processing system 120 may include a
content placement server.

In some implementations, the web page operator 115 can
request content from the data processing system 120. The
data processing system 120 may request content from the
content provider 125 in response to this request for content.
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The data processing system 120 may select the content to
provide to web page operator 115 based on a plurality of
factors. In some other implementations, the data processing
system 120 may instruct the content provider 125 to directly
provide content to the web page operator 115. In some
implementations, the data processing system 120 may
retrieve one or more content items, such as a plurality of
advertisements, from content provider 125 and store the
content items in the database 140.

In some implementations, the data processing system 120
may obtain ad slot information via the computer network
105. The ad slot may be on the web page being viewed by
the user device 110. The web page may be associated with
the web page operator 115. For example, the data processing
system 120 can obtain ad slot information such as at least
one ad slot parameter, including, e.g., a unique ad slot id, ad
slot position, browser document size, or ad slot length and
width.

An ad slot code may be an identifier used by a data
processing system 120 and/or an advertisement placement
server. The ad slot code may be tied to various web operator
and/or publisher settings. In some implementations, the data
processing system 120 may use various other parameters to
generate a unique ad slot id, including, e.g., the ad slot’s
location in the web page’s document object model (DOM)
tree.

In some implementations, the data processing system 120
may include an interface configured to receive a request via
the network 105 to provide content for display in an ad slot
of'a web page. The data processing system 120 may receive
the request in real-time, e.g., between the time that the user
device 110 requests access to a web page of the web page
operator 115 and the time that the web page operator 115
displays the web page on the user device 110.

In some implementations, the measurement module 135
can measure or otherwise obtain at least one parameter
associated with the ad slot, and/or the results of rendering
one or more ads (such as whether the one or more ads are
truncated in the ad slot). For example, the measurement
module 135 can inject a script into content that is being
provided to the web page operator for display on the web
page. In some implementations, the measurement module
135 can append a script into a rich media advertisement. A
rich media advertisement may include, e.g., an HTML
advertisement, expandable advertisement, above-the-fold
advertisement, or other multimedia advertisements that
include one or more of text, audio, still images, animation,
video, or interactive content. The script may be a Java script.
The script can execute at the web page server of the web
page, for example, to make the measurements.

In some other implementations, the measurement module
135 can receive at least one parameter of the ad slot. For
example, a web page server of the web page operator 115
can execute the Java script to determine one or more
parameters of the ad slot. The Java script may combine the
determined parameter with other available data and report it
to the ad slot measurement module 135 via the network 105.
For example, the ad slot measurement module 135 may
receive the unique ad slot id of the ad slot and position data.

The system 120 can include a database 140 that stores
data about the ad slot. In some implementations, the data-
base 140 can store the measurement results determined by
the measurement module 135. In some other implementa-
tions, the database 140 may store the content items provided
by content provider 125. For example, the database 140 may
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store the advertisements provided to the web page operator
115. The database 140 may store the content items with the
injected scripts.

The system 100 can include a database 140 designed and
constructed to organize, store, retrieve, and transmit a plu-
rality of data. The database 140 can be configured to interact
with any component of system 100, data processing system
120, ad slot identification module 130, measurement module
135, content provider 125, web page operator 115, or user
device 110.

FIG. 2 is a block diagram illustrating a system 200
according to some of the described implementations. A
browser 201 may request content items (e.g., ads) from a
content server 203, for a space (e.g., an ad area or slot) of the
browser 201. A content server 203 may send information
regarding the content item area, such as the size of an ad
area, to a content item size distribution module 205. Content
item size distribution module 205 may estimate that a
number of m content items may fit into the specified ad area
in the browser 201 based on a size of the content item area
and the size of one or more content items. Based on the
estimated number m, content server 203 may send a different
number of M (>m) content items to the browser 201. By
over-requesting M content items, the system 200 may
advantageously fill the content item area to capacity, such as
in a case where the received content items may be smaller
than the estimate and the m content items cannot fill all the
content item area.

FIG. 3 illustrates a flow diagram of a method 300 for
distributing content items to a web page via a computer
network in accordance with some illustrative implementa-
tions. The method 300 may include an operation 302 of
receiving, at a data processing system via the computer
network, a request for one or more content items (e.g., ads)
for display in a specified area (e.g., an slot of a web page).
For example, at least one processing module of a data
processing system can receive, from a web page server, a
request for content items (e.g., advertisements) to provide
together with the main content of the web page for display
to a user device. In some implementations, the request may
be sent from an entity (e.g., a web page operator) to place
content on their web page. The request may be transmitted
via a network and received by the data processing system
such as a content placement server. In some implementa-
tions, the content items may be received from a content
provider and provided to the web page operator.

In some implementations, the request for content may be
responsive to one or more actions made by a user device. For
example, a user device may request access to a web page
hosted by a web page operator. The web page may have one
or more content item slots that need content items. The web
page operator may request one or more content item (e.g.,
advertisements) from the system 120 that are suitable for the
content item slot.

In some implementations, the request may be received by
an advertisement placement server. The request may be
made by the publisher of a web page. In some implemen-
tations, the request may be made in real-time, e.g., after a
user device requests access to a web page and prior to
displaying the web page. A user device may be represented
by a user indicator for a browsing session. For example, a
user identifier may be a cookie that identifies a browsing
session, browser, or computing device that includes one or
more processing modules.

In some implementations, the request for content may
include additional information, such as information about
the advertisement slot. In some implementations, the infor-
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mation may include a unique ad slot id, data about param-
eters related to the advertisement slot, data used to retrieve
relevant advertisements, or a dimensional size of the space
of the advertisement slot. In some implementations, the
request may lack certain data. For example, the request may
lack data about parameters of the advertisement slot, includ-
ing, e.g., the unique advertisement slot id, parameter data,
position data, or style data.

The method 300 may include estimating that a number of
m content items may fit in the specified area (block 304).
The estimate may be based on, for example, retrieved data
about one or more ad slot parameter, and typical ad sizes. In
some implementations, wherein the estimating may be based
on measurement results of rendering content items from a
plurality of user devices with a plurality of configurations.
The measurement results may include, for example, a
parameter of the space, a parameter of the content item, a
dimension of a user interface (UI), or a parameter of the
plurality of configurations. In some implementations, the
estimating may involve determining a probabilistic distri-
bution of a representation of space needed for the content
items, e.g., how many content items can fit in the space. The
probabilistic distribution may represent a percentage of
content items that are truncated when displayed in the slot.
The probability distribution may be determined, for
example, through statistics obtained from experimenting
with user interface (UI) dimensions on the user devices.

Method 300 may include operations associated with
receiving at least one content item slot parameter. For
example, at least one of a parameter about one or more
content item slots, the web page, web browser, and user
device may be received. The parameter data may be received
via a URL or any other means of transmitting information
from a web page operator to the system 100 via a computer
network 105. In some implementations, the parameter data
may include one or more identifiers, including, e.g., the ad
slot code of the ad slot. In some other implementations, the
parameter data may be combined with other previously
gathered data.

Method 300 may include providing a number of M
content items, where M>m (block 306). In some implemen-
tations, the M content items may be pipelined for rendering
in the space. Method 300 may include rendering, to a web
page server of the web page via the computer network, a
number of n of the M content items for display in the
specified area (block 308), where n=M. The n content items
may be selected in an online auction, based on bids received
from content providers and/or a performance metric of the
advertisements. For example, the content items may com-
prise advertisements and a performance metric of the adver-
tisements may be determined based on the n advertisements
actually rendered in the space. That is, the number of
impressions is calculated based on the n advertisements,
which exclude the M-n unviewed advertisements. As such,
the number of a plurality of content items in the slot may be
maximized, and the web page space may be optimally
monetized. In some instances, the n number of advertise-
ments may be based on optimizing an appearance of a
content item based on the probabilistic distribution and/or
maximizing the number of content items based on the
probabilistic distribution. In other instances, the n number of
advertisements may be based on optimizing an appearance
of'a content item based on a dimensional size of a space for
an advertisement slot and/or maximizing the number of
content items based on a dimensional size of a space for an
advertisement slot.
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In some implementations, block 308 may include an
operation of selecting a rich media advertisement for the
content item slot. The rich media advertisement may be
selected based on one or more advertisement criteria
received from the advertisement request. For example, block
308 may include selecting the advertisement based on the
content of the web page, including, e.g., keywords associ-
ated with the web page, semantic concepts, or content
verticals (categories). In some other implementations, block
308 may include selecting the advertisement based on
characteristics or past browsing behavior of the user iden-
tifier.

Multiple (e.g., n) content items may be displayed within
a single slot at the same time. In some implementations,
block 308 may include selecting one or more advertisements
for display based, at least in part, on an online advertisement
bidding process. For example, a plurality of online adver-
tisers may make a bid in an online auction for certain
keywords. If one or more of those keywords are associated
with the ad request for a web page, then the content
placement server may be more likely to select an advertise-
ment belonging to the highest bidder of one or more of those
keywords. In one example, this advertisement may corre-
spond to a rich media advertisement, including, e.g., an
HTML advertisement, expandable advertisement, above-
the-fold advertisement, or other multimedia advertisements
that include one or more of text, audio, still images, anima-
tion, video, or interactive content. In another example, the
content placement server may select a non-rich media adver-
tisement, e.g., an advertisement that consists of basic text.

The method 300 may include indicating the number n as
viewed impressions, and M-n as unviewed impressions
(block 310). According to some implementations, the M—-n
unviewed impressions are excluded from cost calculations.
In some implementations, an indication of content items
may include an indication of which specific content items
were actually rendered.

In some implementations, method 300 can include the
operations of selecting a parameter-dependent advertise-
ment based on an advertisement selection criteria. Ad selec-
tion criteria may include, e.g., interest categories, demo-
graphics, geography, semantic concepts, or content verticals.
Ad criteria may include the type of ad slot. In some
implementations, method 300 can include the act of a
content provider selecting their content to an ad slot that has
a parameter corresponding to a certain type of ads. For
example, an advertiser may select their advertisements to ad
slots that have parameters corresponding to a certain type of
ads. The advertiser may select ad slots that are capable of
showing expandable advertisements by bidding on expand-
able ad slots and selecting to have their advertisement
displayed on an expandable advertisement. In another
example, an advertiser may select above-the-fold ad slots by
bidding on above-the-fold ad slots and having their adver-
tisements displayed on an above-the-fold ad slot.

The system 100 and its components may include hard-
ware elements, such as one or more processors, logic
devices, or modules. FIG. 4 illustrates an example imple-
mentation of a network environment 400, in which the
system 100 and method 300 can operate. The network
environment 400 may include one or more clients 402 that
can be referred to as local machine(s) 402, client(s) 402,
client node(s) 402, client machine(s) 402, client computer(s)
402, client device(s) 402, endpoint(s) 402, or endpoint
node(s) 402) in communication with one or more servers
406 that can be referred to as server(s) 406, node 406, or
remote machine(s) 406) via one or more networks 105. In

10

15

20

25

30

35

40

45

50

55

60

65

8

some implementations, a client 402 has the capacity to
function as both a client node seeking access to resources
provided by a server and as a server providing access to
hosted resources for other clients 402.

Although FIG. 4 shows a network 105 between the clients
402 and the servers 406, the clients 402 and the servers 406
may be on the same network 105. The network 105 can be
a local-area network (LAN), such as a company Intranet, a
metropolitan area network (MAN), or a wide area network
(WAN), such as the Internet or the World Wide Web. In some
implementations, there may be multiple networks 105
between the clients 105 and the servers 406. For example,
the network 105 may be a public network, a private network,
or may include combinations of public and private networks.

The network 105 may be any type or form of network and
may include any of the following: a point-to-point network,
a broadcast network, a wide area network, a local area
network, a telecommunications network, a data communi-
cation network, a computer network, an ATM (Asynchro-
nous Transfer Mode) network, a SONET (Synchronous
Optical Network) network, a SDH (Synchronous Digital
Hierarchy) network, a wireless network and a wireline
network. In some implementations, the network 105 may
include a wireless link, such as an infrared channel or
satellite band. The topology of the network 105 may include
a bus, star, or ring network topology. The network may
include mobile telephone networks utilizing any protocol or
protocols used to communicate among mobile devices,
including advanced mobile phone protocol (“AMPS”), time
division multiple access (“TDMA”), code-division multiple
access (“CDMA”), global system for mobile communication
(“GSM”), general packet radio services (“GPRS”) or uni-
versal mobile telecommunications system (“UMTS”). In
some implementations, different types of data may be trans-
mitted via different protocols. In other implementations, the
same types of data may be transmitted via different proto-
cols.

In some implementations, the system 100 may include
multiple, logically-grouped servers 406. In one of these
implementations, the logical group of servers may be
referred to as a server farm or a machine farm 410. In
another of these implementations, the servers 406 may be
geographically dispersed. In other implementations, a
machine farm 410 may be administered as a single entity. In
still other implementations, the machine farm 410 includes
a plurality of machine farms 410. The servers 406 within
each machine farm 410 can be heterogeneous—one or more
of the servers 406 or machines 406 can operate according to
one type of operating system platform.

In some implementations, servers 406 in the machine
farm 410 may be stored in high-density rack systems, along
with associated storage systems, and located in an enterprise
data center. In this implementation, consolidating the servers
406 in this way may improve system manageability, data
security, the physical security of the system, and system
performance by locating servers 406 and high performance
storage systems on localized high performance networks.
Centralizing the servers 406 and storage systems and cou-
pling them with advanced system management tools allows
more efficient use of server resources.

The servers 406 of each machine farm 410 do not need to
be physically proximate to another server 406 in the same
machine farm 410. Thus, the group of servers 406 logically
grouped as a machine farm 410 may be interconnected using
a wide-area network (WAN) connection or a metropolitan-
area network (MAN) connection. For example, a machine
farm 410 may include servers 406 physically located in
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different continents or different regions of a continent,
country, state, city, campus, or room. Data transmission
speeds between servers 406 in the machine farm 410 can be
increased if the servers 406 are connected using a local-area
network (LAN) connection or some form of direct connec-
tion. A heterogeneous machine farm 410 may include one or
more servers 406 operating according to a type of operating
system, while one or more other servers 406 execute one or
more types of hypervisors rather than operating systems. In
these implementations, hypervisors may be used to emulate
virtual hardware, partition physical hardware, virtualize
physical hardware, and execute virtual machines that pro-
vide access to computing environments.

Management of the machine farm 410 may be de-cen-
tralized. For example, one or more servers 406 may com-
prise components, subsystems and modules to support one
or more management services for the machine farm 410. In
one of these implementations, one or more servers 406
provide functionality for management of dynamic data,
including techniques for handling failover, data replication,
and increasing the robustness of the machine farm 410. Each
server 406 may communicate with a persistent store and, in
some implementations, with a dynamic store.

Server 406 may include a file server, application server,
web server, proxy server, appliance, network appliance,
gateway, gateway, gateway server, virtualization server,
deployment server, secure sockets layer virtual private net-
work (“SSL VPN™) server, or firewall. In some implemen-
tations, the server 406 may be referred to as a remote
machine or a node.

The client 402 and server 406 may be deployed as or
executed on any type and form of computing device, such as
a computer, network device or appliance capable of com-
municating on any type and form of network and performing
the operations described herein.

Browser 201 may indicate that a number of n content
items are actually displayed. The number n may be smaller
than or equal to M The number n may be larger than, equal
to, or smaller than m. Content server 203 may send this
information to an accounting module 207, which may log n
impressions, based on which a cost of the content items may
be determined.

FIG. 5 is a block diagram of a computing system or device
500 in accordance with some illustrative implementations.
The computing system or device 500 can be used to imple-
ment the system 100, user device 110, web page operator
115, data processing system 120, content provider 125, ad
slot identification module 130, ad slot measurement module
135, and database 140. The computing system 500 may
include a bus 505 or other communication component for
communicating information and a processor 510 or process-
ing module coupled to the bus 505 for processing informa-
tion. The computing system 500 may include one or more
processors 510 or processing modules coupled to the bus for
processing information. The computing system 500 may
include main memory 515, such as a random access memory
(RAM) or other dynamic storage device, coupled to the bus
505 for storing information, and instructions to be executed
by the processor 510. Main memory 515 may be used for
storing position information, temporary variables, or other
intermediate information during execution of instructions by
the processor 510. The computing system 500 may include
a read only memory (ROM) 520 or other static storage
device coupled to the bus 505 for storing static information
and instructions for the processor 510. A storage device 525,
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such as a solid state device, magnetic disk or optical disk, is
coupled to the bus 505 for persistently storing information
and instructions.

The computing system 500 may be coupled via the bus
505 to a display 535, such as a liquid crystal display, or
active matrix display, for displaying information to a user.
An input device 530, such as a keyboard including alpha-
numeric and other keys, may be coupled to the bus 505 for
communicating information and command selections to the
processor 510. In some other implementations, the input
device 530 has a touch screen display 535. The input device
530 can include a cursor control, such as a mouse, a
trackball, or cursor direction keys, for communicating direc-
tion information and command selections to the processor
510 and for controlling cursor movement on the display 535.

According to various implementations, the processes
described herein can be implemented by the computing
system 500 in response to the processor 510 executing an
arrangement of instructions contained in main memory 515.
Such instructions can be read into main memory 515 from
another computer-readable medium, such as the storage
device 525. Execution of the arrangement of instructions
contained in main memory 515 causes the computing system
400 to perform the illustrative processes described herein.
One or more processors in a multi-processing arrangement
may be employed to execute the instructions contained in
main memory 515. In alternative implementations, hard-
wired circuitry may be used in place of or in combination
with software instructions to effect illustrative implementa-
tions. Thus, implementations are not limited to any specific
combination of hardware circuitry and software.

Although an example computing system has been
described in FIG. 5, implementations of the subject matter
and the functional operations described in this specification
can be implemented in other types of digital electronic
circuitry, or in computer software, firmware, or hardware,
including the structures disclosed in this specification and
their structural equivalents, or in combinations of one or
more of them.

Implementations of the subject matter and the operations
described in this specification can be implemented in digital
electronic circuitry, or in computer software, firmware, or
hardware, including the structures disclosed in this specifi-
cation and their structural equivalents, or in combinations of
one or more of them. The subject matter described in this
specification can be implemented as one or more computer
programs, i.e., one or more modules of computer program
instructions, encoded or stored on one or more computer
storage media such as non-transitory computer-readable
media for execution by, or to control the operation of, data
processing apparatus. Alternatively or in addition, the pro-
gram instructions can be encoded on an artificially generated
propagated signal, e.g., a machine-generated electrical, opti-
cal, or electromagnetic signal that is generated to encode
information for transmission to suitable receiver apparatus
for execution by a data processing apparatus. A computer
storage medium can be, or be included in, a non-transitory
computer-readable medium, a computer-readable storage
device, a computer-readable storage substrate, a random or
serial access memory array or device, or a combination of
one or more of them. Moreover, while a computer storage
medium is not a propagated signal, a computer storage
medium can be a source or destination of computer program
instructions encoded in an artificially generated propagated
signal. The computer storage medium may be, or be
included in, one or more separate components or media
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(e.g., multiple CDs, disks, or other storage devices). Accord-
ingly, the computer storage medium is both tangible and
non-transitory.

The operations described in this specification can be
performed by a data processing apparatus on data stored on
one or more computer-readable storage devices or received
from other sources.

The term “data processing apparatus” or “computing
device” may encompass various apparatuses, devices, and
machines for processing data, including by way of example
a programmable processor, a computer, a system on a chip,
or multiple ones, or combinations of the foregoing. The
apparatus can include special purpose logic circuitry, e.g., an
FPGA (field programmable gate array) or an ASIC (appli-
cation specific integrated circuit). The apparatus can include,
in addition to hardware, code that creates an execution
environment for the computer program in question, e.g.,
code that constitutes processor firmware, a protocol stack, a
database management system, an operating system, a cross-
platform runtime environment, a virtual machine, or a
combination of one or more of them. The apparatus and
execution environment can realize various different com-
puting model infrastructures, such as web services, distrib-
uted computing and grid computing infrastructures.

A computer program (also known as a program, software,
software application, script, or code) can be written in any
form of programming language, including compiled or
interpreted languages, declarative or procedural languages,
and it can be deployed in any form, including as a stand
alone program or as a module, component, subroutine,
object, or other unit suitable for use in a computing envi-
ronment. A computer program may, but need not, correspond
to a file in a file system. A program can be stored in a portion
of a file that holds other programs or data (e.g., one or more
scripts stored in a markup language document), in a single
file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules,
sub programs, or portions of code). A computer program can
be deployed to be executed on one computer or on multiple
computers that are located at one site or distributed across
multiple sites and interconnected by a communication net-
work.

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. A processor can receive
instructions and data from a read-only memory or a random
access memory or both. The essential elements of a com-
puter are a processor for performing actions in accordance
with instructions and one or more memory devices for
storing instructions and data. A computer may include, or be
operatively coupled to receive data from or transfer data to,
or both, one or more mass storage devices for storing data,
e.g., magnetic, magneto optical disks, or optical disks.
However, a computer need not have such devices. Moreover,
a computer can be embedded in another device, e.g., a
mobile telephone, a personal digital assistant (PDA), a
mobile audio or video player, a game console, a Global
Positioning System (GPS) receiver, or a portable storage
device (e.g., a universal serial bus (USB) flash drive), to
name just a few. Devices suitable for storing computer
program instructions and data include all forms of non
volatile memory, media and memory devices, including by
way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., internal hard disks or removable disks; magneto
optical disks; and CD ROM and DVD-ROM disks. The
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processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

To provide for interaction with a user, implementations of
the subject matter described in this specification can be
implemented on a computer having a display device, e.g., a
CRT (cathode ray tube) or LCD (liquid crystal display)
monitor, for displaying information to the user and a key-
board and a pointing device, e.g., a mouse or a trackball, by
which the user can provide input to the computer. Other
kinds of devices can be used to provide for interaction with
a user as well; for example, feedback provided to the user
can be any form of sensory feedback, e.g., visual feedback,
auditory feedback, or tactile feedback; and input from the
user can be received in any form, including acoustic, speech,
or tactile input.

While this specification contains many specific imple-
mentation details, these should not be construed as limita-
tions on the scope of any inventions or of what may be
claimed, but rather as descriptions of features specific to
particular implementations of particular inventions. Certain
features described in this specification in the context of
separate implementations can also be implemented in com-
bination in a single implementation. Conversely, various
features described in the context of a single implementation
can also be implemented in multiple implementations sepa-
rately or in any suitable subcombination. Moreover,
although features may be described above as acting in
certain combinations and even initially claimed as such, one
or more features from a claimed combination can in some
cases be excised from the combination, and the claimed
combination may be directed to a subcombination or varia-
tion of a subcombination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. Moreover, the
separation of various system components in the implemen-
tations described above should not be understood as requir-
ing such separation in all implementations, and it should be
understood that the described program components and
systems may be integrated in a single software product or
packaged into multiple software products.

Thus, particular implementations of the subject matter
have been described. Other implementations are within the
scope of the following claims. In some cases, the actions
recited in the claims can be performed in a different order
and still achieve desirable results. In addition, the processes
depicted in the accompanying figures do not necessarily
require the particular order shown, or sequential order, to
achieve desirable results. In certain implementations, mul-
titasking and parallel processing may be advantageous.

For situations in which the systems discussed here collect
personal information about users, or may make use of
personal information, the users may be provided with an
opportunity to control whether programs or features that
may collect personal information (e.g., information about a
user’s social network, social actions or activities, a user’s
preferences, or a user’s current location), or to control
whether and/or how to receive content from the content
server that may be more relevant to the user. In addition,
certain data may be anonymized in one or more ways before
it is stored or used, so that personally identifiable informa-
tion is removed when generating parameters (e.g., demo-
graphic parameters). For example, a user’s identity may be
anonymized so that no personally identifiable information
can be determined for the user, or a user’s geographic
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location may be generalized where location information is
obtained (such as to a city, ZIP code, or state level), so that
a particular location of a user cannot be determined. Thus,
the user may have control over how information is collected
about him or her and used by a content server.

What is claimed is:
1. A computer-implemented method of distributing con-
tent items to a web page via a computer network, the method
comprising:
receiving from a client device, by one or more data
processing systems, a request for content items, the
request including information specifying a dimensional
size of a space in which the content items will be
rendered and client device information;
retrieving, by one or more data processing systems,
information about rendered content sizes from a data-
store, the information based on measurement results of
rendering content items on a plurality of devices with
a plurality of configurations;

estimating, by the one or more data processing systems
using the retrieved information and the client device
information, a first number of content items that fit in
the space when rendered;

receiving, by the one or more data processing systems

from a content provider, responsive to the estimation, a
second number of content items, the second number
larger than the first number;

providing, by the one or more data processors to the client

device in response to the request, the second number of
content items; and

receiving data indicating that a third number of content

items from the provided second number of content
items were rendered,

the third number smaller than or equal to the second

number.

2. The computer-implemented method of claim 1, further
comprising pipelining the second number of content items
for rendering in the space.

3. The computer-implemented method of claim 1, further
comprising determining a performance metric, wherein the
performance metric is based on the third number of content
items that were actually rendered in the space.

4. The computer-implemented method of claim 1,
wherein the measurement results comprise at least one of a
parameter of the space, a parameter of the content item, a
dimension of a user interface, or a parameter of the plurality
of configurations.

5. The computer-implemented method of claim 1,
wherein the space comprises a slot of a web page, and
wherein the estimating is further based on a probabilistic
distribution of a plurality of content items to be fit in the slot.

6. The computer-implemented method of claim 5, further
comprising optimizing an appearance of a content item of
the second number of content items based on the probabi-
listic distribution.

7. The computer-implemented method of claim 5, further
comprising maximizing the second number of content items
based on the probabilistic distribution.

8. The computer-implemented method of claim 1,
wherein the data indicating a third number of content items
includes data indicating which content items of the second
number of content items were rendered, wherein the content
items of the second number of content items that were
rendered were displayed on at least one rendering of the web
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9. A computer-implemented method comprising:

transmitting, by a client device to one or more data

processing systems, a request for a content items, the
request including information specifying a dimensional
size of a space in which the content items will be
rendered and client device information;

receiving, by the client device from one or more data

processing systems, a second number of content items,
the second number of content items larger than a first
number, the first number estimated by one or more data
processing systems to be a number of content items that
fit in the space when rendered, the estimation per-
formed using information about rendered content sizes
retrieved from a datastore and the client device infor-
mation, the information based on measurement results
of rendering content items on a plurality of devices
with a plurality of configurations, the second number of
content items received by the one or more data pro-
cessing systems from a content provider;

selecting, by the client device, a third number of content

items of the received second number of content items
to render, the third number smaller or equal to the
second number;

rendering, by the client device, the third number of

content items of the received second number of content
items; and

transmitting, by the client device to one or more data

processing systems, data indicating that the third num-
ber of content items from the received second number
of content items were rendered.
10. The computer-implemented method of claim 9,
wherein the selecting of the third number of content items is
based, at least in part, on optimizing an appearance of the
third number of content items based on the dimensional size
of the space.
11. The computer-implemented method of claim 9,
wherein the selecting of the third number of content items is
based, at least in part, on maximizing the third number of
content items based on the dimensional size of the space.
12. The computer-implemented method of claim 9,
wherein the indication of the third number of content items
includes an indication of which content items of the second
number of content items were rendered.
13. The computer-implemented method of claim 9,
wherein the second number of content items comprises rich
media content items.
14. A nontransitory computer readable storage device
storing instructions that when executed by one or more data
processors, cause the one or more data processors to perform
operations comprising:
receiving from a client device, by one or more data
processing systems, a request for content items, the
request including information specifying a dimensional
size of a space in which the content items will be
rendered and client device information;
retrieving, by one or more data processing systems,
information about rendered content sizes from a data-
store, the information based on measurement results of
rendering content items on a plurality of devices with
a plurality of configurations;

estimating, by the one or more data processing systems
using the retrieved information and the client device
information, a first number of content items that fit in
the space when rendered;

receiving, by the one or more data processing systems

from a content provider, responsive to the estimation, a
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second number of content items, the second number
larger than the first number;
providing, by the one or more data processors to the client
device in response to the request, the second number of
content items; and 5
receiving data indicating that a third number of content
items from the provided second number of content
items were rendered,
the third number smaller than or equal to the second
number. 10
15. The computer readable storage device of claim 14,
wherein the instructions further cause the one or more data
processors to perform operations comprising pipelining the
second number of content items for rendering in the space.
16. The computer readable storage device of claim 14, 15
wherein the instructions further cause the one or more data
processors to perform operations comprising determining a
performance metric, wherein the performance metric is
based on the third number of content items that were
rendered in the space. 20
17. The computer readable storage device of claim 14,
wherein the measurement results comprise at least one of a
parameter of the space, a parameter of the content item, a
dimension of a user interface, or a parameter of the plurality
of configurations. 25



